Objective To determine the effect of exposure to metal dusts, fumes and high temperature levels among brass workers in comparison to a control group. Study design Analytical cross-sectional study.
Introduction
Brass is a metal alloy composed mainly of copper and zinc. In addition, it may contain metals such as tin, lead, Non-specific occupational health conditions among brass workers at Gadaladeniya, Sri Lanka Pushpa L Jayawardana 1 (Index words: Blood copper and zinc levels, metal fume fever) iron, manganese, nickel and others. In the analysis of the scrap brass that is used as a raw material for the manufacture of brassware, the composition was found to be 6.9% copper, 26.9% zinc, 3.5% tin, 1.7% lead and a trace of iron.
The manufacture of brassware consists of several labour intensive processes described elsewhere [1] . The first is smelting of scrap metal which generates various metal fumes depending on the constituents of the metal alloy. Metal fumes may also be released during welding. Smelting requires high temperatures, exposing the workers to adverse effects of heat. Acute effects of exposure to metal fumes are irritation of eyes, nose and throat [2, 3] .
Zinc is thought to give rise to numerous gastrointestinal (GI) symptoms such as gastroenteritis, and gastric and duodenal ulcers [4, 5] . Workers of copper and zinc refineries were reported to have significantly high cause specific standardised mortality ratios for cancer of the digestive and respiratory tracts and cerebrovascular disease [6] .
A condition known to develop as a result of exposure to copper and zinc fumes is metal fume fever (MFF) [6, 7, 8] . It usually occurs few hours after exposure, when the worker resumes duty after being away from work. It is preceded by non-specific symptoms such as dry throat, metallic taste, cough, tightness in the chest and vomiting, followed by chills and rigours with a rise in temperature, which resolves by crisis a few hours later. It is accompanied by profuse sweating and the prostration may last several hours. The patient may fall into deep sleep and wake up weak but not incapacitated. However, it does not lead to long term complications [2, 7, 8] .
Heat is a physical hazard encountered in foundries and gives rise to acute conditions such as cramps, heat exhaustion and heat stroke. Chronic heat illness may present as weakness, irritability, nausea, vertigo, impotence and gastric pain [9] .
The aim of this study was to determine the effect of exposure to zinc, copper and lead dusts and fumes, and high temperature levels on brass workers in comparison to a control group.
Methods
A sample size of 170 was computed (minimum sample size of 147 + 5% for exclusions and 10% for nonresponse) and the brass workers were selected using the simple random sampling technique. An equal number of people were selected as the controls from the local population who resided in the same Medical Officer of Health area using cluster sampling. They were either unemployed or engaged in jobs other than the brass industry. The control group was matched for the age of the brass workers [1] .
A questionnaire which was interviewer administered consisted of socio-demographic data, history of hospitalisation during the past 2 years, chronic symptoms in relation to GI and musculo-skeletal (MS) systems, acute symptoms experienced while at work during the previous 2 weeks and symptoms related to MFF. Questions pertaining to the latter two components were administered only to those who were employed in the control group. MFF was defined as presence of two or more of the following symptoms subsequent to resuming work after being away for a day or more: headache, dry cough, tightness of the chest, distaste in the mouth, feverishness and fever with or without chills [8] . The haemoglobin level was determined by spectrophotometry using a cyanmethaemoglobin technique. Whole blood copper and zinc levels were determined by atomic absorption spectrophotometry (AAS).
Environmental measurements were carried out in 10 randomly selected workshops from a total of 53. The WBGT index [10] for indoor conditions was used as a measure of thermal environment where WBGT = 0.7 t nwb + 0.3 t g, (t nwb = natural wet bulb temperature, t g = globe temperature). The natural wet bulb and globe temperature were measured using the Mason's wet and dry bulb thermometer and the globe thermometer, respectively. Both instruments were suspended 0.8-0.9 m above the furnace (corresponds approximately to the centre of the body of the worker). Globe temperature was measured after 30 minutes of suspension and the wet bulb temperature was read when the thermometer became stabilised under natural ventilation.
Air velocity (AV) near the furnace was determined using the Kata thermometer, and the nomogram provided. AV is dependent on the dry bulb temperature and the cooling time, both of which were measured using the Kata thermometer and the Kata factor engraved on the stem of the Kata thermometer.
All the measurements were commenced 1 hour after the furnaces were lit and were recorded every hour for 3 hours in the morning. A total of 30 measurements were made from the 10 workshops.
Statistical analysis consisted of paired t-test for quantitative data, and Mc Nemar's and Binomial test for matched, and chi-square test for unmatched qualitative data. Zinc and copper levels were expressed as both mean (to enable comparison with other studies) and median (because blood metal levels were not normally distributed). The results were expressed as odds ratio (OR) and 95% confidence intervals (95%CI). Ethical approval was obtained from the Faculty of Medicine, Peradeniya.
Results
Total number of pairs analysed were 154. The mean age of the two groups was 29.9 years. The pack years smoked was 8.6 and 11.4 by the smokers in the study group (n = 71; 46.1%) and the control group (n = 76; 49.4%) respectively, the differences of which were not significant. Only 104 members in the control group were employed and modal period of service ranged between 5 and 9 calendar years for both the groups.
Among the chronic symptoms studied, the proportion suffering from anorexia and distaste were significantly higher in the study group with OR of 3.3 (95% CI = 1.6-7.0) and 8.3 (95% CI = 2.9-23.3) respectively. Although the proportion suffering from burning sensation was higher in the study group, the difference was not significant. Nausea and abdominal pain although more common in the control group, no statistically significant differences were observed. Only one person complained of constipation and he was a brass worker ( Table 1) . The proportion with aches and pains was significantly higher in the study group (Table 1) with an OR of 4 (95% CI = 2.3-7.0).
Among the acute symptoms studied, cough, dryness of nose, excessive tearing and itchy eyes were significantly more in the study group (Table 2) , the OR being 4.2 (95% CI = 1.5-13.0), 6.8 (95% CI = 1.5-43.1), 6.3 (95% CI = 2.0-21.8) and 6.3 (95% CI = 1.4-40.6). Although bleeding from the nose (study 1%; control 0%), burning sensation in the throat (study 11%; control 8%), headache (study 9%; control 5%), muscle cramps (study 8%; control 6%), dizziness (study 7%; control 3%) and fainting attacks (study 1%; control 0%) were more common in the study group, the differences were not statistically significant. Sneezing (study 10%; control 12%), runny nose (study 8%; control 12%) and sweating (study 1%; control 18%) were more common in the control group. Of these, only sweating was significant with an OR of 0.1 (95% CI = 0.01-0.27).
The proportion of participants who experienced MFF was significantly higher among the study group than in the control group (Table 2) with an OR of 7.6 (95% CI = 2.5-26.2). Of the 36 who were identified as having MFF, 29 (29/ 36 = 81%) have been in the industry for more than 5 years.
The mean and median whole blood copper and zinc levels were lower than the normal reference values. However, the study group had a significantly higher mean Statistical test: chi-square test; *only the symptoms which were significant are included in the table; **shortness of breath; # significantly higher among the control group. MFF-metalic fume fever value than the control group for both copper and zinc levels. The median test was applied since both copper and zinc values did not show a normal distribution and the study group was found to have a significantly higher percentage of subjects with more than the median levels of both blood copper and zinc (Table 3 ). The zinc levels were elevated more than the normal level in 18 (12%) in the study and 2 (1%) in the control group. The copper levels were elevated more than the normal in 8 (5%) and 1 (1%) in the control group (Table 4) . Two (1%) from the study group had both levels elevated. Anorexia and distaste in relation to increased copper and zinc levels were present only in the study group participants (Table 5 ).
The proportions with MFF with increased levels of copper or zinc were higher in the study group and these differences were not statistically significant. The two (1%) brass workers who had elevated levels of both zinc and copper had anorexia, distaste and MFF.
The mean haemoglobin levels were 14.8 g/dL (range: 12.0-17.2 g/dL) and 15.0 g/dL (range: 12.4-17.0 g/dL) for study and control groups. The difference was not significant.
The dry bulb temperature varied from 26ºC to 36ºC, and the WBGT index from 22.5ºC to 28.2ºC. The air velocity was between 0.33 m/sec and 0.70 m/sec, which is above the recommended level of 0.05-0.15 m/sec [11] . The recommended WBGT level of 26.1ºC for an air velocity of less than 1.53 m/sec for heavy work [12] (considering smelting as heavy work) exceeded only in two workshops. In these two workshops, three out of the five workers complained of muscle cramps. The worker who had a history of fainting attacks did not work in any of these two workshops.
Discussion
The control group was selected from the local population which introduces a selection bias [13] due to the phenomenon of "healthy worker effect" (HWE) [14] . HWE occurs due to lower morbidity and mortality rates experienced by working populations compared to the general population. This underestimates the strength of association between exposure and outcome. The symptoms inquired were subjective and the reliability of these may be doubtful. However, a standard questionnaire was used to elicit the presence of these symptoms from both the groups, which ensured uniformity in eliciting the symptoms. Reliability was measured by computing Kappa coefficients, which varied between 55% and 90%.
GI symptoms such as loss of appetite, distaste and burning sensation were higher among the brass workers although only the former two were significant. Presence of these symptoms may be attributed to exposure to zinc. Several GI symptoms ranging from gastroenteritis to gastric and peptic ulcers have been described in workers exposed to zinc in a galvanizing plant [7] . The furnace operators in a brass foundry were reported to have significantly higher zinc levels in red blood cells, whole blood and fasting gastric juice [5] . The whole blood zinc levels in the latter study were similar to the findings of the present study.
The acute symptoms such as cough, shortness of breath, excessive tearing and itchy eyes were significantly more in the study group. Such symptoms are likely to occur due to exposure to various types of dusts, fumes and smoke which is a feature in the brass industry. The only acute symptom that was significantly frequent in the control group was sweating, and this was because 36% of them were working outdoors (12% each of farmers and casual workers and 6% each of labourers and masons).
MFF is a condition that occurs in novices, 70-75% of whom develop tolerance with time [2] . Although it is benign, its recurring nature during the initial phases of employment, may make people resign from their jobs. In the present study, 81% of the workers who suffered MFF had worked for more than 5 years, which suggests that development of tolerance has not been a regular feature. Four subjects (4%) in the control group also had symptoms suggestive of MFF which is difficult to explain on their outdoor occupational histories.
Both mean and median levels of copper and zinc were lower than the established reference levels [15, 16] , which emphasises the need to determine local values. Eight (5.2%) had elevated copper levels while 18 (11.7%) had elevated zinc levels among the brass workers and all of them presented with either one or more of the symptoms investigated. This suggests an association between symptoms and excess levels of zinc and copper [17, 18] .
Only one brass worker (1%) fainted while at work whereas the proportion of workers who have fainted at work was 4.9% and 1.3% respectively in a study done on iron and steel foundries in Sri Lanka [10] . Fifteen per cent workers in these foundries [10] had complained of muscle cramps in comparison to 8.4% of brass workers. The proportion of brass workers who experienced muscle cramps was higher than that of the control group (5.8%), although the difference was not statistically significant. Both groups were equally at risk of this condition considering the fact that a certain proportion of the control group worked outdoors.
Intense sweating reported was as high as 75% in the iron and steel foundries in comparison to only 1.3% among brass workers. The low rates observed in the brass workshops may be explained by the fact that the recommended WBGT values were exceeded only in two workshops (20%), whereas in the iron and steel foundries, it was exceeded in 29% of the 89 observations made.
Brass manufacturing is a small scale industry. The owners of these factories are unable to invest capital on personal protective equipment (PPE) and other preventive measures. Workers themselves are not knowledgeable about the associated health hazards and therefore, do not realise the importance of preventive measures. Furthermore, the use of PPE may cause discomfort owing to the climatic conditions experienced in the tropical countries. These factors account for the difficulty in ensuring a suitable work environment for the brass workers, but measures to improve awareness should overcome these difficulties, at least to a certain degree.
